The authors successfully cultivated FM3A cell line in two kinds of serum free media, which was derived from a case of spontaneous mammary carcinoma converted in vivo into ascites form of C3H stock mice and was grown in a serum containing modified Eagle's medium for about seven months. Bovine plasma albumin, bactopeptone, sodium pyruvate and ferric chloride were effective as additives to the serum-free media and their optimum concentrations were 500, 1,500 and 110 mg/l medium, respectively. The animal transplantability of the cultured cells was examined, which were grown in the serum-free medium, and the inoculation of 105 cells or more per mouse induced tumor death but that of a less number of cells did not. The implanted cells in the peritoneal cavities of mice were recovered into the serum-free medium without a distinct lag period. The chromosomal distribution of the cells was investigated which were grown in the serum-free medium. The primary culture of the in vivo transplanted FM3A cells was successfully carried out without a distinct lag period.
The authors successfully cultivated FM3A cell line in two kinds of serum free media, which was derived from a case of spontaneous mammary carcinoma converted in vivo into ascites form of C3H stock mice and was grown in a serum containing modified Eagle's medium for about seven months. Bovine plasma albumin, bactopeptone, sodium pyruvate and ferric chloride were effective as additives to the serum-free media and their optimum concentrations were 500, 1,500 and 110 mg/l medium, respectively. The animal transplantability of the cultured cells was examined, which were grown in the serum-free medium, and the inoculation of 105 cells or more per mouse induced tumor death but that of a less number of cells did not. The implanted cells in the peritoneal cavities of mice were recovered into the serum-free medium without a distinct lag period. The chromosomal distribution of the cells was investigated which were grown in the serum-free medium. The primary culture of the in vivo transplanted FM3A cells was successfully carried out without a distinct lag period. A inoculated into the serum-free media. The karyotype of the modal number cells had 38 telocentric, one characteristic submetacentric (S1) and two metacentric chromosomes (M1, M2), of which S1 and M1 or M2 showed the attenuated hetero pyknosis and the secondary constriction. On the other hand, the chromosomes of the cells cultured in medium A for 77 days showed indistinct bimodal distribu tion. The first peak was located in the diploid range and the second peak was in Exp. 3. The nutritional requirement of the cells in the serum free culture
In order to examine more quantitatively the nutritional effect of the special medium supplements other than those of Eagle's medium, various amounts of the respective substance were added to medium A, devoid of one of the individual supplements and their growth response were checked: The cells cultivated for a long time in medium A were employed as the indicator cells and the cellular yields of from 3 to 4 days' culture in a CO2-incubator were examined employing the media containing the grading amounts of the supplements. Fig. 3 shows the growth response of bovine albumin (plasma albumin V) in its each concentration and it was demonstrated that its optimum concentration was in the range of 500 mg to 5,000 mg/l and a lower concentration did not stimulate cellular growth.
The growth response to the other six supplements were likewise examined with the use of omission test as in the case of bovine plasma albumin. Of those tested, L-glutamic acid, insulin and L-serine were not so active, while bactopeptone, sodium pyruvate and ferric chloride showed remarkable growth response and their optimal concentrations were 1,500 mg, 110 mg and 3 mg per liter medium, respectively, of which bactopeptone and pyruvate were more effective than ferric chloride (Fig. 4) . Consequently these two compounds were added to the basal medium supplemented with bovine albumin and were examined for their growth stimulating capacity, compared with that of the complete medium. The culture yield with the former medium was 6.3 times of the inoculum cells for 7 days, while that of the complete medium was 8 times of the inoculum size for 5 days. Therefore, it is evident that the cells needed some other compounds for their optimal growth.
Exp. 4. The primary culture by means of the serum-free medium The results of the foregoing cultures were all concerned with those obtained with the use of the cells adapted to the serum-free media. Therefore, as the first step to the primary isolation culture of the in vivo tumor cells, the authors attempted to let the cells grow directly in the serum-free culture, examining the optimal concentration of bovine albumin in the first culture of serum-free condition (Fig. 5) 
DISCUSSION
In the present study, a cell line from FM3A, established recently in vitro, was successfully transferred with the use of serum-free culture media, after no or various lag periods and further the primary culture of the in vivo transplanted cells could be carried out by means of the certain serum-free medium supplemented with 0.5% bovine albumin without distinct lag period. All these cultures were sustained in a suspended state.
In general, when the cells serially grown in serum-containing media are transferred to serum free media, they begin to multiply only after an initial short time cellular growth and subsequent various length of lag periods, even if they are under the possible optimal culture condition. The length of the lag periods is different according to the cell lines and the cultural conditions. For instance, the cells isolated and cultivated by McQuilkin et al.1 had the lag periods of about 70 to 150 days, while the cells by Pumber2 grew after a several weeks' lag period. The lag periods of the present cell line were 20 to 45 days in the media supplemented with 0.5% bovine albumin and it could be transferred thereafter without any lag time.
Quite few papers have been published, which deal with mammalian cell cultures grown in serum-free media from its primary cultures. Higuchi5 established in vitro 3 cell lines originating from whole chick embyro, dog kidney and kitten lung, respectively, with the use of a serum-free medium devised by himself and the cultural process of these cell lines proceeded from the initial short-time cellular proliferation, to subsequent 2 to 4 weeks' lag periods and finally to durable, stable growth pattern. Evans et al.13 attempted in vain to establish in vitro the embryonal cells of C3H stock mouse. As described above, the authors successfully carried out the primary culture without lag period, employing a serum free medium supplemented with 0.5% bovine albumin, although in one of the three experiments a short lag period was observed due to an accident of the CO2 incubator employed.
The effect of bovine plasma albumin in the serum-free culture medium has been supposed to be either its nutritional availability as nitrogen source or physicochemical one such as adsorption and neutralization of medium components or growth products toxic to the cells, but a basic and decisive work about this problem has not yet been carried out. Katsuta et al.14 reported that ascites hepatoma cells did not incorporate medium protein into the cellular bodies and they supposed that the favorable effect of the protein components was due to their physicochemical properties. The mechanism of effect of bovine albumin for the present cell lines was not examined but it did not seem probable that the substance was utilized as nutritional source.
The chromosomal mode of the present cell line grown in the serum-containing medium was 42, while that grown in the medium A consisted of two peaks and that grown in medium B changed to a single peak at 41. The idiogram of the chromosomes observed in the cells of the diploid range showed the presence of 3 same characteristic chromosomes as those of the cells grown in the serum-contain ing medium, but telocentric chromosomes changed in their number, while the idiogram observed in the tetraploid cells indicated the presence of about double numbers of characteristic chromosomes as those of the diploid cells. Okamura et al. 15 reported a few chromosomal alterations of their cells line established in a serum-free medium, compared with the chromosomal pattern of the same cell lines maintained in a serum-containing medium and stated that the cellular adaptation to their culture medium might have happened in the procedure of the establishement of their cell lines. It could be considered, however, that the selection of the cells favored to the serum-free medium might happen for the present cell line rather than their adaptation to the culture medium. Many reports have been published concerning the alteration of the animal transplantability of tumor cells during their long-term culture. The present cells grown in the serum-containing medium induced tumor death to 80% of the mice inoculated with 10 cells, while 103 cells grown in the serum-free medium did not develope any tumor in the animals. It is not known that such deterioration of the animal transplantability was due to either serum-free unfavorable cultural condition or long-term culture, because the authors did not carry out the simul taneous transplantability test for both cells grown in the serum-containing and serum-free media. The luxuriant growth in the serum-free medium was observed of the cells recovered from the mice which were implanted with the cells grown in the serum-free medium, but the subsequent cells serially transplanted in vivo showed gradual decrease of in vitro growth rate, when the period of in vivo cellular life was prolonged.
Such decrease of the growth rate seems to indicate that the present medium still lacks some components essential to the serial growth.
In order to avoid such growth decrease, the procedure of half medium exchange during each passage period was made, considering the possibility of the accumula tion in the medium of the essential metabolites during cellular growth and the prevention of immediate pH shift due to the whole medium exchange, but it could not completely control the gradual decrease of growth rate described above.
